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(57) Abstract 

A method is provided for creating a zonal isolation 
between the exterior and interior of an uncased section of 
an underground well system which is located adjacent to 
a well section in which a well casing is present The 
method comprises inserting an expandable tubular through the 
existing well casing into an uncased section, such as a lateral 
branch, of the underground well system and subsequently 
expanding the expandable tubular such that said one end is 
pressed towards the wall of the uncased section of the well 
system and the outer surface of said other end is pressed 
against the inner surface of the well casing thereby creating 
an interference fit capable of achieving a shear bond and a 
hydraulic seal between said surrounding surfaces. 
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CREATING ZONAL ISOLATION BETWEEN THE INTERIOR AND 
EXTERIOR OF A WELL SYSTEM 

Background of the invention 

The invention relates to a method of creating zonal 
isolation between the interior and exterior of an uncased 
section of an underground well system which is located 
5 adjacent to a well section in which a well casing is 

present. 

It is known in the art to create such zonal isolation 
by inserting a casing having a smaller diameter than the 
existing well casing into the uncased section of the _ 

10 borehole such that said small diameter casing extends 

through and beyond the existing well casing whereupon the 
small diameter casing is cemented into place. 

If the uncased section of the underground well system 
is formed by a lateral borehole that extends from a well 

15 section in which a well casing is present then it is 

known to create zonal isolation by inserting a casing or 
liner through an opening that has been milled in the wall 
of the well casing and then cementing said casing or 
liner into place. A difficulty of this known technique is 

20 that the milled opening generally has an irregular shape 

and that the cement that is pumped into the annulus 
around the casing or liner is not always equally 
distributed into the annular and provides an imperfect 
seal. 

25 A general difficulty with the known zonal isolation 

' cementing techniques is that they require an annulus 
having a significant width to create a cement body of 
uniform thickness and strength which results in a 
sianificant reduction of diameter of the completed well 
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and consequent limitations of the well production 
capacity. 

A method in accordance with the preamble of claim 1 

is known from International patent application 
5 W093/257 99. In the known method a casing is expanded 

against -the borehole wall, whereas in washouts cement is 

pumped into the surrounding annulus . 

It is an object of the present invention to provide a 

zonal isolation method which, can- be carried out easier 
10 than the known method and which provides an adequate 

zonal isolation and does not require the presence of an 

annulus which is filled with cement. 

Summary of the Invention 

The method according to the invention thereto 
15 comprises the steps of 

inserting an expandable tubular which is made of a 
formable steel grade through the existing well casing 
into said uncased section of the underground well 
system such that one end of the expandable tubular 
20 protrudes beyond the well casing into the uncased 

section of the well system and another end of the 
expandable tubular is located inside the well casing; 
and 

expanding the expandable tubular using an expansion 
25 mandrel having a conical ceramic surface such that 

said one end is pressed towards wall of the uncased 
section of the well system and the outer surface of 
said other end is pressed against the inner surface 
of the well casing thereby creating an interference 
30 fit capable of achieving a shear bond and a hydraulic 

seal between said surrounding surfaces. 
Optionally a gasket material is inserted between said 
surrounding surfaces before expanding the tubular. 

If the uncased section of the underground well system 
35 is formed by a lateral borehole that extends laterally 
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from the well section in which the well casing is present 
through an opening in the tubular wall of the well casing 
and one end of the expandable tubular is inserted through 
said opening into the lateral borehole such that the 
5 other end of the expandable tubular still extends into 

the well -section in which the well casing is present such 
that said'other end is substantially co-axial to the well 
casing and the expandable tubular is subsequently 
expanded such that said oae^.ead—Ls pressed towards the 

10 wall of the lateral borehole and said other end is 

pressed against the inner surface of the well casing. In 
that case, after expansion c; -.he tubular an opening may 
be created in the wall of c:;^ *:-:panded tubular to provide 
fluid communication between parts of the well section 

15 in which the well casing is : .--.-sent above and below the- 

lateral borehole. 

Said opening may be ::•••:':■..! by milling a window in 
the wall of the' expanded v.:r . »r. 

Alternatively said occ-ri:- : may be created by creating 

20 a pre-conf igured section :. »•■ \ : a smaller wall thickness 

than the other parts of • .. :lar which section breaks 

open as a result of the • .■ :i process. 

It is observed thar. **.- • :onal patent application 
WO94/03699 discloses a rr*- : r sealing the 

25 intersection between a : • :r.d a branch borehole 

wherein use is made cr . ..hipstock. 

Brief Description of . ; ... . 

These and other fer . : ~ects and advantages of 
the method according t. -r.tioa will be more fully 

30 appreciated by referen ■ •: - following detailed 

description of prefer : r: ..- *r\ts of the invention 
which should be read in .* \ion with the accompanying 

drawings in which: 

Fig. 1 is a schemaci . :.*udinal sectional view of 

35 a well in which zonal is*. .* is created by expanding a 

3 
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tubular against an existing well casing; 

Fig. 2 is a schematic longitudinal sectional view of 
a well in which zonal isolation is created by expanding a 
tubular against an existing well casing of which the 
5 lower end has an enlarged inner diameter to create a 

mono-diameter well; 

Fig. 3 is a schematic longitudinal sectional view of 
a lateral borehole which extends from a mother well which 
contaias a well casing in wjucS * window has been milled 
10 to create access to the lateral borehole, and 

Fig. 4 is a schematic longitudinal sectional view of 
the well system of Fig. 3 after an expandable tubular has 
been inserted into the lateral well and expanded against 
the well casing of the motr.-r well. 
15 Detailed description of the H ref -erred Embodiments _ 

Referring now to Fig. I \:iore is shown a borehole 1 
traversing an underground : -rrstion 2 and a well casing 3 
that has been fixed withir. * r ■■ corehole 1 by means of an 
annular body of cement 4 . 
20 An expandable tubular " -he form of a liner is run 

into the well casing 3 a:.: s .:.~.ained in a position that 
the lower end of the tubu.f : ■ rtrudes into an uncased 
lower: section of the bor--: ind the upper end of the 

tubular is surrounded r\ * • *--*r end of the well 
25 casing 3. 

An expansion mandr^. ■ ved axially through the 

tubular 5 by pulling, • • i/or pumping the pig 7 in 

the direction of the =rr >. * causes the outer 
surface of tubular 5 c i- : gainst the inner surface 
30 of the lower end of tr.-r >• - - .;ing 3, thereby creating 

an interference fit 5 : it .: .- : achieving a shear bond 
and a hydraulic seal bev*— • surrounding surfaces. 

Experimental test dr \ :nclad steel tubulars and 
steel tubulars clad wizh ••■ material has confirmed 
35 that significant shear b*r. : ;-.n be achieved. This is 
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evidenced for example, by the shifting force of 650 kN/m 
required to remove a expanded tubular of dimensions 
(108 x 119 mm) (ID/OD) from a steel casing pipe of 
dimensions 119 x 133 mm (ID/OD) . 
5 The expansion mandrel 7 has a conical ceramic outer 

surface -having a semi-top angle A between 5° and 45°, and 
preferably between 20° and 30°. The expandable tubular 5 
is made of a formable steel grade which is subject to 
strain hardening without incur rf ng any necking an ductile 

10 fracturing as a result of the expansion. Suitable 

formable steel grades are steel grades having a yield 
strength-tensile strength ratio which is lower than 0.8, 
preferably between 0,6 and 0.7, and a yield strength of 
at least 275 MPa . Steel grades which have these pro- 

15 perties are dual phase (DP) high-strength low-alloy 

(HSLA) steel, such as Sollac grade DP55 or DP60 or Nippon 
grade SAFH 540 or 590 D, and formable high-strength steel 
grades, such as ASTM A106 HSLA seamless pipe, ASTM A312 
austenitic stainless steel pipe, grades TP304 and TP316 

20 and high-retained austenite high strength hot rolled 

steel, known as TRIP steel. These formable steel grades 
can be expanded by a ceramic cone 7 to an outer diameter 
which is at least 20% larger than the outer diameter of 
the unexpanded tubular. 

25 In the example shown in Fig. 1 the expandable 

tubular 5 is a well liner which may be surrounded by a 
gravel pack (not shown) before the expansion pig 7 is run 
through the liner. 

As a result of the expansion process the gravel pack 

30 will be compressed in the annular space which stabilizes 

the borehole 1 against caving in. 

Referring now to Fig. 2 there is shown a borehole in 
which a well casing 10 has been installed and cemented in 
place by an annular body of cement 11. An expandable 

35 tubular 12 has been installed and expanded by a ceramic 

5 
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expansion cone in the same manner as described with 
reference to Fig. 1. However the lower end 10A of the 
well casing 10 has been expanded to a larger internal 
diameter than the rest of the casing. The tubular 12 is 
5. expanded against the lower end 10A of the well casing 10, 

thereby -creating an interference fit between the mating 
surfaces o*f the tubular 12 and well casing 10- The lower 
end 10A of the well casing may be expanded together with 
the tubular 12 by the expansion cone while the annular 

10 body of cement 11 is still in a liquid state. As a result 

of the expansion a strong bond will be created beween the 
cement and the tubular, the casing and the surrounding 
formation 13. The enlarged diameter of the lower part 10 
of the casing 10 results in a well having a uniform 

15 internal diameter throughout the length of the well. - 

Referring now to Fig. 3 there is shown a mother 
well 15 in which a well casing 16 is cemented in place by 
an annular body of cement 17. A lateral borehole 18 has 
been drilled laterally away from the mother well 15 into 

20 the underground formation 19. 

At the junction point between the two wells an 
opening 20 has been milled in the casing 16 and sur- 
rounding body of cement 17 using, e.g. a conventional 
milling device which is induced by a whipstock below the 

25 junction point to mill the opening 20 the casing at the 

desired location. Such a milling operation generally 
generates an opening 20 having quite an irregular shape 
so that it is difficult to provide a zonal isolation 
between the well exterior and interior at the junction 

30 point and to anchor the casing (not shown) of the lateral 

borehole to the well casing of the mother well 15. 

Fig. 4 shows how an expandable tubular 21 is inserted 
into the lateral borehole 18 from the mother well 15 such 
that the upper end of the tubular fits co-axially inside 

35 the well casing 16 of the mother well 15. The tubular 20 
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is expanded by moving an expansion mandrel 22 axially 
therethrough by pumping, pushing and/or pulling. The 
properties of the tubular 21 and mandrel 22 are the same 
as those described with reference to Fig. 1. As a result 
of the expansion process outer surface the upper end of 
the expanded tubular 21 is pressed against the inner 
surface of the casing 16 thereby creating an interference 
fit capable of creating a shear bond and a hydraulic seal 

between- the mating surfaces~r~ 

The expanding tubular 21 is also pressed against the 
inner surface of the lateral borehole and the rims of the 
opening 20 in the well casing 16 and cement body 17 
thereby creating a hydraulic bond between the expanded 
tubular 21 and said rims of the opening 20 and the inner 
15 surface of the lateral borehole 18. 

In this manner the expanded tubular 21, and well 
casing 16 provide an adequate zonal isolation between the 
interior and exterior in the region of the junction 
between the lateral borehole 18 and the mother well 15 
20 and robust anchoring of the tubular 21 to the well 

casing 16 is provided. 

After having installed and expanded the tubular 21 a 
window (not shown) can be created in the wall of the 
tubular 21 to provide access to the part of the mother 
25 well 15 below the junction point. 

Optionally a gasket material is provided on the outer 
surface of the tubular 21 before expansion of the 
tubular 21 to further enhance the zonal isolation pro- 
vided by the expanded tubular 21. 
30 If the rims of the milled opening 20 are irregular a 

liner having a regular oval opening may be installed 
against the inner surface of the casing 16 at the 
location of the junction, for example by expanding said 
liner using an expansion mandrel and arranging a slot or 
35 oval opening in the liner which will open up as a result 

7 
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of the expansion process to the desired oval shape. 

Optionally at least the upper end of the tubular 21 
may be expanded in a two stage expansion process where a 
flexible expansion mandrel is used in the second stage of 
5 the expansion process in order to firmly expand the 

tubular -2"1 against the casing 16, or optionally against 
the liner "installed therein at the location of the 
junction, and against the rims of the opening 20 (or of 
the oval opening in the liner) — a»d against the inner 
10 surface of the lateral borehole 18. 



/ 
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CLAIMS 

1. A method of creating zonal isolation between the 
exterior -and interior of an uncased section of an under- 
ground well system which is located adjacent to a well 
section in which a well casing is present, the method 

5 comprising the steps of 

inserting an expandable tubular through the existing 
well casing into said uncased section of the 
underground well system such that one end of the 
expandable tubular protrudes beyond the well casing 

10 into the uncased section of the well system and 

another enu of the expandable tubular is located - 
inside the well casing; and , 
expanding the expandable tubular using an expansion 
mandrel having a conical surface, characterised in 

15 that the expandable tubular is made of a formable 

steel grade and is expanded by an expansion cone 
having a conical ceramic surface such that said one 
end is pressed towards wall of the uncased section of 
the well system and the outer surface of said other 

20 end is pressed against the inner surface of the well 

casing thereby creating an interference fit capable 
of achieving a shear bond and a hydraulic seal 
between said surrounding surfaces. 

2. The method of claim 1, wherein a gasket material is 
25 inserted between said surrounding surfaces before 

expanding the tubular. 

3. The method of claim 1/ wherein the uncased section of 
the underground well system is formed by an extension of 
a wellbore which extends axially beyond the well section 

30 in which the well casing is present. 
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4. The method of claim 1, wherein the uncased section of 
the underground well system is formed by a lateral 
borehole that extends laterally from the well section in 
which the well casing is present through an opening in 
5 the tubular wall of the well casing and one end of the 

expandable tubular is inserted through said opening into 
the lateral borehole such that the other end. of the 
expandable tubular still extends into the well section in 
which the well casing is pres ent' s uch that said other end 

10 is substantially co-axial to the well casing and the 

expandable tubular is subsequently expanded such that 
said one end is pressed towards the wall of the lateral 
borehole and said other end is pressed against the inner 
surface of the well casing. 

15 5. The method of claim 4, wherein after expansion of the 

tubular an opening is created in the wall of the expanded 
tubular to provide fluid communication between the parts 
of the well section in which the well casing is present 
above and below the lateral borehole. 

20 6. The method of claim 5, wherein said opening is 

created by milling a window in the wall of the expanded 
tubular. 

7. The method of claim 1, wherein the tubular is made of 
a high-strength low-alloy (HSLA) steel having a yield 
25 strength-tensile strength ratio which is lower than 0.8 

and a yield strength of at least 275 MPa. 



10 



WO 99/06670 



PCT/EP98/04984 




j 



INTERNATIONAL SEARCH REPORT 



(nt on. ...on el Application No 

PCT/EP 98/04984 



8. FIELDS SEARCHED 


Minimum documentation searcned (daaaricauon system followed by claudication symools) 




IPC 6 E21B 




Documentation searched other than minimum documentation to ma enent mat such documanta ara included in lha t» 


OS sea/cned 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 E21B43/10 E21B43/30 



According to international Pat ant Classification (IPC) or to ooth national classification and IPC 



Electronic data base consulted during ma international searcn (nam* ol data base and. where practical, search tar ma usad) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of lha relevant pasaagaa 



Relaxant to claim No. 



WO 93 25799 A (SHELL CANADA LTD 
RESEARCH (NL)) 23 December 1993 
see page 2. line 21-24 
line 4-10 
line 13-22 

line 15 - page 5, line 22 
1-5 



SHELL INT 



see page 3. 
see page 3. 
see page 4, 
see figures 



WO 94 03698 A (BAKER HUGHES INC) 

17 February 1994 

see figures 4A-4D..5A-5I 

see page 16, line 23 - page 22, line 10 

-/— 



LU 



Further documents a/a Hated in the conBnuahon of box C. 



ID 



Patent (amity members ara list ad in annex. 



' Special caiegonee of cited documents : 

"A" document defining the general stats of lha art which is not 

considered to be of particular relevance 
*E" earlier document but published on or after lha international 

tiling date 

V document which may throw doubu on priority dafmfs) or 
which is ated to establish the pubficatfondate ot another 
citation or other special reason (aa specified) 

~0~ document referring to an oral disclosure, use. exhibition or 
other means 

*P* document published prior to the International filing data out 
later than the priority date claimed 



T* later document published after the international filing dale 
or pnonty date and not In conflict with the application but 
cited to understand the principle or theory underlying the 



"X" document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

-V document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skiltsd 
in the ait 

•A" document member of the same patent family 



Date ol the actual completion ot thai nt emotional search 

2 November 1998 



Oats of maiBng of the international search report 

13/11/1998 



Name and mailing address of the ISA 

European Patent Office, P.8. 5616 Pateniiaan2 
NL • 2280 HV Rijewijk 
Tel. (*31-70) 340-2040. T*. 31 651 epo rt. 
Fax: (*3 1-70) 340-3010 



Authorized officer 



Schouten, A 



foan PCT/tSAatO (second ah*ef) (Aiy 1992) 



page 1 of 2 



[NTERNATIONAL SEARCH REPORT 


Intan .onal Application No 

PCT/EP 98/04984 


C.(Contlnu«t»on> DOCUMENTS CONSlDEHEO TO BE RELEVANT 


Category - 


Citation of document, with indication. wlwt appropnata. of tho f»»ovant pasaagoa 


flaltvam to d aim no. 


A 


METCALFE P: "EXPANDABLE SLOTTED TU8ES 
OFFER WELL DESIGN BENEFITS'* 
PETROLEUM ENGINEER INTERNATIONAL, 
vol. 69, no. 10, October 1996, pages 
60-63, XP000684479 
see figure 4 

see page 62, column 2, paragraph 5 - page 
63, column 1, paragraph 3 




i 


A 


WO 93 25800 A (SHELL CANADA LTO ; SHELL INT 

RESEARCH (NL)) 23 December 1993 

see page 5, 1+ne 6-8 




l 









Fwm PCT/lS*2tO (conanuftton ot **cond jbwt) (July 1 992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

..rtormttion on p»unt family mtmbeni 



!nt*r. jnal Application No 

PCT/EP 98/04984 



Pa lent document 




Publication 




Patent family 




Publication 


cited in search report 




date 




member(s) 




date 


WO 9325799 


A 


23-12-1993 ' 


AU 


670948 


8 


VO V/Q I77v 








AU 


4324493 


A 


04-01 -1 004 

VH \J I l77*t' 










2117560 


A 

n 


CJ XL i77J 








DC 


69306110 


D 


02-01-1997 








DE 


69306110 


T 


05-06-1997 










6437Q4 

UiJ/ 7*t 


T 
i 


05-05-1007 

WJ \JD 177/ 








EP 


0643794 


A 


27-01-1 QQ5 

*mlm v J 1773 








JP 


7507610 


T 


74-0R-1QQ5 






- 


NO 


944721 


A 


07-1 9-1004 

v/ XL l77*f 








NZ 


253124 


A 


27-02-1 OOfi 

Li \JL 177U 








013 


46560 


A 


20-02-1 00ft 

CU \JL 177Q 










5348095 


A 


20-00-1004 

L\J U7 l77«t 


U(\ 0407fiQ» 


A 
rt 


1/ MC 1?7** 




5318121 


A 


07-Ofi-l 004 








AU 


663276 B 


28-09-1995 








AU 


4804693 


A 


03-03-1994 








nr 


4393856 


T 


1 0-1 1 -1004 








UN 


39194 


A 


uo-uo lyyn 








UD 


2274863 A ,8 


iu— uts— lyy** 








po 

uD 


2297988 A,B 


Cl UO 1770 








Ml 


9320010 A 












9320010 


T 


01 — 1 1—1 QQ/t 
Ul-11— l77*f 








tin 


941241 


A 


01-06-1004 ' 

Ul UO 177*# 


WU 7J&30UU 


A 

n 


97—1 9—1 001 


All 
AU 


672008 


B 


1 Q-OQ- 1 QQA 
17 Vi7 I77O 








All 
MU 


4324593 


A 


04-01-1004 
U*» U 1 l77*t 










2137565 


A 


CJ IC 177J 








DE 


69305852 


D 


12-12-1996 








. DE 


69305852 


T 


22-05-1997 








DK 


643795 


T 


14-04-1997 








EP 


C643795 


A 


22-03-1995 








JP 


'507611 


T 


24-08-1995 








MO 


?60219 


A 


31-05-1997 








NO 


944746 


A 


03-02-1995 








NZ 


253125 


A 


27-02-1996 








US 


3366012 


A 


22-11-1994 





Form PCT/1SA/210 (p»U« fwniiy *nn»*> (Juty 



